Morphology of bone development and bone remodeling in embryonic chick limbs.
Staged embryos from White Leghorn chicken eggs were used to assemble a detailed morphological sequence of events occurring in long bone development from Hamburger-Hamilton stage 32 through stage 44 and 2 days post hatching. The detailed patterning of osteoblasts, osteoid, mineral, and vasculature were observed at the mid-diaphysis of the tibia. At stage 32, the cartilage core is composed of hypertrophic chondrocytes and is surrounded by a continuous ring of mineralized osteoid on which osteoblasts and vasculature reside. At stage 35, the vasculature and associated cell types invade the cartilage core region. By stage 37, marrow occupies the entire cartilage core region at the mid-diaphysis. Anastamosing channels, containing vasculature, interconnect with each other and the marrow region to the inside and the periosteal region to the outside. Clearly, the cartilage is replaced by marrow, not bone. Mineral deposition at the periosteal surface continues through stage 44 as does mineral resorption on the endosteal surface, although the rate of mineral deposition and resorption varies at different developmental stages. Vasculature plays an important role in the pattern formation of the trabeculae and their channels as can be seen in the developmental sequence within one bone (the tibia) or comparisons between two bones (the tibia and fibula). A model is presented which considers the possibility that osteoprogenitor cells are formed as early as the chondroprogenitor cells. This model also emphasizes the observation that cartilage is not replaced by bone but is replaced by marrow.